
Sauerteig 1January 2007

Small Engine Technologies for 
Tier 3 and Tier 4

January 24-25, 2007
Reno, Nevada

J. E. Sauerteig
E-mail: sauerteig.j@deutzusa.com

DEUTZ Corporation
www.deutzamericas.com



Sauerteig 2January 2007

EPA / CARB Nonroad Emission Regulations. 
Implementation Dates

Power range Tier 1 Tier 2 Tier 3
kW

<  19 2000 2005 -------
> 19  … < 37 1999 2004 -------
> 37  … < 75 1998 2004 2008
> 75 … < 130 1997 2003 2007
> 130… < 225 1996 2003 2006
> 225 … < 450 1996 2001 2006
> 450 … < 560 1996 2002 2006
> 560 2000 2006 -------
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Combustion Systems – Advantages/Disadvantages

Direct Injection SystemPre-chamber Combustion System
(2-stage combustion)
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DEUTZ Two-Stage Combustion System
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MSHA Approved – DEUTZ Tier 2 Engines (1 of 3)

Engine Rating Assigned Vent. Particulate Index Approval No. 8-Mode Cycle Results
Model kW HP rpm cfm cfm/HP cfm cfm/HP NOx HC PM PM rate

[ g/kWh ] [ g/hr ]
F2L 2011 22.5 30.2 2800 1,500 50 2,000 66 07-ENA040010-0 5.77 0.42 0.267 3.26

F2M 2011 23.5 31.5 2800 1,500 48 2,000 63 07-ENA040010-0 5.77 0.42 0.267 3.26

F3L 2011 35.8 48.0 2800 2,000 42 3,000 62 07-ENA040011-0 5.77 0.42 0.267 4.89

F3M 2011 36.5 49.0 2800 2,000 41 3,000 61 07-ENA040011-0 5.77 0.42 0.267 4.89

F4L 2011 47.8 64.0 2800 3,000 47 4,000 62 07-ENA040012-0 5.77 0.42 0.267 6.52

F4M 2011 48.5 65.0 2800 3,000 46 4,000 62 07-ENA040012-0 5.77 0.42 0.267 6.52
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Engine Rating Assigned Vent. Particulate Index Approval No. 8-Mode Cycle Results

Model kW HP rpm cfm cfm/HP cfm cfm/HP NOx HC PM PM rate

[ g/kWh ] [ g/hr ]

BF3L 2011 44.9 60.2 2800 4,500 75 2,000 33 07-ENA050007-0 6.59 0.51 0.123 3.02

38.9 52.2 2300 4,000 77 2,000 38 07-ENA050007-0 6.75 0.4 0.12 2.68

BF3M 2011 48.5 65.0 2800 4,500 69 2,000 31 07-ENA050007-0 6.59 0.51 0.123 3.02

42.0 56.3 2300 4,000 71 2,000 36 07-ENA050007-0 6.75 0.4 0.12 2.68

BF4L 2011 58.1 78 2800 6,000 77 2,500 32 07-ENA040004-0 6.69 0.30 0.11 3.50

07-ENA040004-1

BF4M 2011 65 87 2800 6,000 69 2,500 29 07-ENA040004-0 6.69 0.30 0.11 3.50

07-ENA040004-1

BF4M 2012 74.9 100 2500 6,000 60 3,000 30 07-ENA040002-0 6.68 0.15 0.11 4.51

MSHA Approved – DEUTZ Tier 2 Engines (2 of 3)
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Engine Rating Assigned Vent. Particulate Index Approval No. 8-Mode Cycle Results
Model kW HP rpm cfm cfm/HP cfm cfm/HP NOx HC PM PM rate

[ g/kWh ] [ g/hr ]

BF4M 2012C 103 138 2500 6,500 47 3,000 22 07-ENA040003-0 5.60 0.18 0.083 4.57

95 127 2200 5,500 43 3,000 24 5.25 0.14 0.087 4.52

BF6M 2012C 155 208 2500 9,000 43 3,500 17 07-ENA040008-0 5.39 0.12 0.068 5.58

BF4M 1013FC (Mech) 129 173 2300 7,000 40 4,000 23 07-ENA040007-1 5.19 0.37 0.089 6.20

117 157 2200 6,500 41 3,000 19 5.21 0.49 0.077 4.88

BF4M 1013EC 118 158 2300 7,000 44 4,000 25 07-ENA040007-1 5.19 0.37 0.089 6.20

BF4M 1013C 112 150 2300 7,000 47 4,000 27 07-ENA040007-1 5.19 0.37 0.089 6.20

BF6M 1013FC (Mech) 200 268 2300 12,000 45 5,500 21 07-ENA040005-0 5.26 0.47 0.086 9.24

BF4M 1013FC (MVS) 127 170 2300 9,000 53 2,500 15 07-ENA040014-0 6.07 0.10 0.058 3.94

112 150 2200 6,000 40 2,000 13 07-ENA040014-1 5.71 0.36 0.052 3.09

101 135 2200 6,000 44 1,500 11 07-ENA040014-1 5.89 0.32 0.047 2.54

BF6M 1013FC (MVS) 180 241 2300 12,000 50 3,000 12 07-ENA050002-0 5.59 0.37 0.05 4.63

MSHA Approved – DEUTZ Tier 2 Engines (3 of 3)
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BFM1013C/EC/FC 4- and 6-cylinder versions available
Displacement 1.2 l/cyl 4.8 and 7.2 liter
Rating 118-299 (*)  HP @ 2300 rpm
Mechanical, EMR 2 governing, and MVS injection 

(*)  Application specific

DEUTZ BFM 1013 Engines
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DEUTZ MVS Injection System
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DEUTZ MVS Control System
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DEUTZ MVS System

Pick up crankshaft
Coolant  temp. sensor

Air – temperature
Sensor

Injector

Pick up camshaft

Foot pedal pot

ECU
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EPA / CARB Nonroad Emission Standards

Power Range Tier 2 NOx+HC / PM Tier 3 NOx+HC / PM
[HP] [g/kWh] [g/kWh]

> 25.5    … < 49.6 2004 7.5 / 0.60 -------
> 49.6   … < 100.6 2004 7.5 / 0.40 2008 4.7 / 0.40
> 100.6 … < 174.3 2003 6.6 / 0.30 2007 4.0 / 0.30
> 174.3 … < 301.7 2003 6.6 / 0.20 2006 4.0 / 0.20
> 301.7 … < 603.5 2001 6.4 / 0.20 2006 4.0 / 0.20
> 603.5 … < 751.0 2002 6.4 / 0.20 2006 4.0 / 0.20
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EPA Non Road RegulationsEPA Non Road Regulations

hp(kW) 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

<11(8)
5.6(7.5) 
6.0(8.0) 

0.60(0.80
)

5.6(7.5)                                                 
6.0(8.0)
0.30(0.40)1

5.6(7.5)             
6.0(8.0))            
0.45(0.60

)2

T

>11(8)             
<25(19)

5.6(7.5) 
4.9(6.6) 

0.60(0.80
)

5.6(7.5)                                                 
4.9(6.6)
0.30(0.40)

T

>25(19)       
<50(37)

5.6(7.5) 
4.1(5.5) 
0.45(0.6

0)

5.6(7.5)                                          
4.1(5.5)

0.22(0.30)

3.5(4.7)           
4.1(5.5)

0.022(0.03
) T

>50(37)      
<75(56)

Option #2
3.5(4.7)        
3.7(5.0)

0.30(0.40)

Option #1
3.5(4.7)        
3.7(5.0)

0.22(0.30)

Option #2
3.5(4.7)        
3.7 (5.0)

0.02(0.03)

Option #1
3.5(4.7)           
3.7 (5.0)

0.02(0.03)
T

>75(56)                     
<100(75)

3.5(4.7) 
0.30(0.40)

>100(75)       
<175(130)

4.9 (6.6)  
3.7(5.0) 

0.22 
(0.30)

3.0(4.0) 

0.22(0.30)

>175(130)         
<300(225)

4.9 (6.6)  
2.6(3.5) 

0.15 
(0.20)

>300(225)     
<600(450)

4.8 
(6.4)  

2.6(3.5) 
0.15 

(0.20)

>600(450)    
<750(560)

4.8 (6.4) 
2.6(3.5) 

0.15(0.20
)

NR Fuel S 5000 ppm 500ppm 15 pm

1.5(2.0)   
0.14(0.19
) 2.6(3.5) 
0.015(0.0

2) T

0.3(0.40) 
0.14(0.19
) 2.6(3.5) 
0.015(0.0

2)  

3.0(4.0)  
0.15(0.20

)

Dec.31,20
14

0.30(0.40)
0.14(0.19) 

3.7(5.0) 
0.015(0.0

2) 

2.5(3.4) 
0.14(0.19) 

3.7(5.0) 
0.015(0.0

2) T 

5.6 (7.5) 
3.7(5.0) 
0.30(0.4

0)

Tier 1 Tier 2 Tier 4 – No aftertreatmentTier 3 Interim Tier 4 – PM Tier 4 – NOx aftertreatmt
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F 4 L  9 12 W
High Speed Engine

No. of Cylinders

Air cooled

Development Series

Approx stroke in cm

Two-Stage Combustion

DEUTZ Engine Nomenclature (pre Tier 3)
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D  914  L4

Fuel Type (Diesel)

Development Series

Approx stroke in cm

Cylinder Config.

No. of Cylinders

New Engine Nomenclature (Tier 3 and later)
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DEUTZ Engine Nomenclature (pre Tier 3)

B F 6 M 10 13 F C P
Turbocharged 
High Speed Engine
No. of Cylinders
Liquid cooled

Development Series

Approx stroke in cm

Upgraded version
Charge cooled
High power version
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TCD 2013 L6
Turbocharged 

Charged air cooled

Fuel Type (Diesel)

Development Series

Approx stroke in cm

Cylinder Config.

No. of Cylinders

DEUTZ New Engine Nomenclature (Tier 3 and later)
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DEUTZ Tier 3 and 4 - Technology

DEUTZ Common Rail System
Mechanical Injection System with EMR
Electronically Controlled Injection Pumps
Exhaust Gas Recirculation, internal or external
Valve Lift Management
Electronic Engine Management System
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Fuel
Injection

Engine
Mapping

Electronic
Control

Unit

Engine
Installation

Cooling
Layout

Air
Management

DEUTZDEUTZ
EnginesEngines

Highlights:Highlights:

DEUTZ Common Rail

Electronically controlled
unit pumps

Optimized combustion
& air management

Valve lift management

DEUTZ Tier 3 and 4 - Technology
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DEUTZ  Air-Cooled Engines 
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DEUTZ  Air-Cooled Engines 

Power Range from 5 – 405 kW

909 910 912/W

913 914
413/513
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DEUTZ Engine Family 914 – Tier 3

Injection System
Optimized timing
Modified in-line injection pump from Motorpal (Made in EC)
Memory timing device for outputs beyond 100 hp’s (74.9 kW)

EGR and Turbo
External cooled and controlled EGR for natural aspirated engines
Internal uncontrolled EGR plus turbo charger and CAC for the top
model: TCD 914 L6

Valve timing
Re-profiled camshafts for all models
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DEUTZ Engine Family 914 - Tier 3
External Cooled EGR

EGR solenoid

Actuator mounted
on injection pump
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DEUTZ Engine Family 914 - Tier 3
Component Options

CAC mounting on TCD 914 L06 2V

HOC mounting on NA engines
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DEUTZ Engine Family 914 - Tier 3
New Design Including Noise Improvements
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DEUTZ  Liquid-Cooled Engines 
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Full electronic authority

Exhaust gas 
recirculation,      

internal / external

DEUTZ Common 
Rail System

Electronically
controlled
injection pumps

Thermal engine
management

Installation  dimensions remains
(same as Tier II)

Mechanical
injection system

with EMR
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DEUTZ Tier 3 Engines

To satisfy different market requirements, the following injection and exhaust
management system are available: 

T/C/D  2011 L04 2V mech. injection system and I-EGR

TD 2012 L04 2V mech. injection system with i-EGR
TCD 2012 L04 2V DCR and i-EGR 
TCD 2012 L06 2V DCR and i-EGR 
TCD 2012 L06 2V DCR with VLM for high dyn. requirements

TCD 2013 L04 2V DCR and i-EGR
TCD 2013 L06 2V DCR and i-EGR 
TCD 2013 L06 2V DCR with VLM for high dyn. Requirements

TCD 2013 L06 4V DCR and ce-EGR

TCD 2015 V06 4V electr. controlled injection system PLD
TCD 2015 V08 4V electr. controlled injection system PLD
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UPS

DEUTZ Common Rail (DCR)
Patented by DEUTZ

Standard  Common Rail

No change to UP-engine-envelope
Commonality with mech. engines
All benefits of Common Rail

DEUTZ Common Rail (DCR) System 
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DEUTZ Common Rail (DCR) System
Injection Pumps Activation
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ECU

Thermostatic
valve

Prefilter with
water separator

Hand-
primer

Supply
pump

Main
filter

HP-pump

Injector

DBV
Rail

FCU

Pressure
sensor

11 22

33

11

22

33

Heater (optional)
Pressure sensor
MProp

pback, max < 1,2 bar

pSystem = 300 ÷ 1600 bar

pmin > 0,5 ÷ 1,0 bar

pmax < 10,5 ÷ 13 bar 

ECU: Electronic Control Unit 
FCU: Fuel Control Unit
DBV: Pressure limiter valve

TETE
-- T

M1
    

05
.02

.04
TM

1  
  0

5.0
2.0

4

DEUTZ Common Rail (DCR) System

(FCU)
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HS-Light-Interface for USB port

• Standard interface for future application

• High data transfer rates

• USB-port is standard on new Laptops

• CAN J1939 data transfer

ISO/SAE-Interface for serial port

• existing Interfaces can still be used

• Programming can last several minutes

• Serial port is today not always available on Laptops

High number of parameters (30 times more than EMR2) requires
a fast interface connection the HS light interface

DEUTZ SERDIA Interface
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DEUTZ Tier 3 - Technology
Exhaust Gas Recirculation

Air 
Manage-

ment

in ex

EGR inlet valve EGR outlet valve

in ex in ex

External cooled EGR

Internal EGR External EGR

Specific engine power limited
Moderate emission reduction
Low cost

Max. specific power
High emission reduction
High cost
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Internal Uncooled EGR

Advantage:
Internal engine parts
corrosion resistant
Less costs

Disadvantage:
Less efficiency
Less power output

Cooled External EGR

Advantage:
Higher power output
Better fuel consumption
Higher efficiency

Disadvantage:
More engine parts
Sensitive against inner corrosion
due to fuel sulphur content
Deposits can soil the EGR-cooler
Higher costs

DEUTZ Tier 3 - Technology
Comparison I-EGR and CE-EGR
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TCD 2012 L4 2V: Standard i-EGR 
TCD 2012 L6 2V: Standard i-EGR 
for high dynamic requirements VLM (si-EGR)

TCD 2012 L4 2V: < 75 kW:
mechanical injection
system with i-EGR 

DEUTZ Tier 3 - Technology
TCD 2012 Engines
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DEUTZ Tier 3 - Technology
Internal EGR
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DEUTZ Tier 3 - Technology
Modified Components

FuelFuel PrePre--FilterFilter
Fuel Flow Rate of up to
300 l / h
99 % Water Separation

CamshaftCamshaft
Modified for internal EGR
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DEUTZ Engine Family 2015 – Tier 3
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DEUTZ Engine Family 2015 – Tier 3

TCD 2015 V06 4V CP
VH:      2,0 l / cyl
Pmax:   360 kW
nrated:  2100 rpm
with PLD and i-EGR

TCD 2015 V08 4V CP
VH:     2,0 l / cyl.
Pmax:  500 kW 
nrated: 2100 rpm
with PLD and i-EGR
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DEUTZ Engine Family 2015 – Tier 3 
Injection System



Sauerteig 41January 2007

Thank you !
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